Wastewater treatment plants (WWTPs) play an important role within the urban water 17 cycle in protecting receiving waters from untreated discharges. However, WWTPs 18 processes also affect the environment. Life cycle assessment has traditionally been 19 used to assess the impact of direct discharges from WWTPs and indirect emissions 20 3 related to energy or chemical production. The water footprint (WF) can provide 21 complementary information to evaluate the impact of a WWTP regarding the use of 22 freshwater. This paper presents the adoption of the Water Footprint Assessment 23 methodology to assess the consumption of water resources in WWTPs by considering 24 both blue and grey WFs. The usefulness of the proposed methodology in assessing the 25 environmental impact and the benefits from WWTP discharge to a river is illustrated 26 with an actual WWTP, which treats 4,000 m 3 ·d -1 , using three scenarios: no treatment, 27 secondary treatment and phosphorous removal. A reduction of the water footprint by 28 51.5 % and 72.4 % was achieved using secondary treatment and phosphorous 29 removal, respectively, to fulfill the legal limits. These results indicate that when 30 treating wastewater, there is a large decrease in the grey water footprint compared 31 with the no-treatment scenario; however, there is a small blue water footprint. 32 Keywords 33 Water footprint assessment; Wastewater treatment plants; wastewater; grey water 34 footprint 35 36 1. Introduction 37
Since its formulation, the WF methodology has been applied in many different fields related 81 to human uses of water. For example, applications in agricultural products and the food 82 industry are extremely popular, where several studies have considered different products and 83 countries. For example, Chapagain and Hoekstra (2007) assessed the water footprint of coffee 84 and tea consumption in The Netherlands, which considered the production in the countries of 85 origin. The WF has also been applied to other products consumed or used by people in the 86 consumption of cotton for clothes production (Chapagain et al., 2006; Chico et al., 2014) , rice 87 (Chapagain and Hoekstra, 2011) and several industrial products derived from agriculture 88 (Ercin et al., 2012) . Finally, the WF methodology has also been applied to account for the 89 water footprint of different diets (Aldaya and Hoekstra, 2010; Vanham et al., 2013) . The WFs 90 of different regions, countries and even all of humanity have also been evaluated (Aldaya et 91 6 al., 2009; Hoekstra and Mekonnen, 2011) . WFs have also been used to assess the production 92 of hydropower energy (Mekonnen and Hoekstra, 2012) and biofuels 93 2012), amongst other applications. 94 To the best of our knowledge, the application of the WF assessment methodology to WWTPs 95 is limited to the work of Liu et al., (2012) and Shao and Chen (2013) . The first study only 96 estimated the grey water footprint of anthropogenic emissions to major rivers, not specifically 97 from WWTPs, and the second study only accounted for the blue water footprint (the study 98 also did not account for sludge treatment, which is extremely important in LCA). The 99 objective of this paper is to adopt the general WF methodology that considers both the blue 100 and grey WFs to assess the water resource consumption of WWTPs. The usefulness of the 101 proposed methodology in assessing the environmental impact and benefits of a WWTP 102 discharging to a river is illustrated with an actual case study. To evaluate the water footprint of products and consumers, the Water Footprint Network 105 (WFN) developed a methodology for water footprint assessment (WFA) to evaluate the 106 impacts on water consumption caused by an activity (Hoekstra et al., 2011) . The WFA 107 methodology addresses freshwater resources appropriation using a four-step approach: (i) set 108 the goals and scope; (ii) account for the water footprint of a process, product, producer or 109 consumer as a spatiotemporally explicit indicator of freshwater appropriation; (iii) evaluate 110 the sustainability of this water footprint and focus on a multi-faceted analysis of the 111 environmental, economic and social aspects; and (iv) formulate strategies to improve the 112 water footprint. This section introduces the adoption of the WFN methodology for WWTP application and 114 expands the WF accounting phase using a framework for the grey water footprint calculation.
115
As shown in Figure 1 , the methodology consists of four phases, which is similar to those in 116 an LCA analysis. The first phase consists of defining the goal and scope of the assessment and includes the 121 functional unit, the types of WF to be considered and the data sample. In the second phase, 122 data are collected, and the water footprint is calculated. In the third phase, the water footprint 123 is evaluated from a sustainability point of view, which considers the water availability in the 124 8 analyzed region or period, and finally in the fourth phase, several recommendations are 125 drawn to reduce the water footprint of the product or system analyzed.
126
The general equation to calculate the water footprint of a WWTP, which is the volume of 127 water consumed during a period of time and includes the blue (WF blue ), green (WF green ) and 128 grey (WF grey ) water footprints, is defined as the following: 129 WF = WF blue + WF green + WF grey 130 Eq. 1. General equation for the water footprint calculation of a WWTP.
131
Blue water footprint (WF blue ). In WWTPs, the blue water footprint accounts for the water that 132 evaporates during wastewater treatment and the water used for all processes related to the 133 different WWTP unit operations (chemicals, energy consumption, residue management, 134 transportation and sludge treatment) that is incorporated into the final product. For example, 135 the consumption of chemicals and energy has an associated blue water footprint due to the 136 water incorporated during the production of chemicals and energy. However, the lost return 137 flow, which is considered in the blue water footprint, of other processes or products will be 138 zero when the treated WWTP water is discharged into the same catchment. In certain cases, it 139 can be interesting to consider the route of blue water, particularly in processes or products 140 from agriculture (distinction of the water based on if it comes from the surface, groundwater 141 or another source). Water recycled back to the process or used for other applications (e.g.,
142
WWTPs that have tertiary treatment and produce reclaimed water) should also be accounted 143 (as avoided water) because it reduces the blue water footprint.
144
Green water footprint (WF green ). In conventional WWTPs, the green WF is not considered 145 because it does not promote the evaporation of water from the soil or from vegetables and 146 does not promote the incorporation of soil water with treated water. Grey water footprint (WF grey ). The proposed calculation for the grey water footprint in the 148 WFA manual (Hoekstra et al., 2011) has been adapted to the specific domain of WWTPs.
149
The new equation is based on a mass balance at the WWTP discharge point (see Equations 2 150 and 3 and Figure 2 ). This mass balance-based approach considers that the grey WF is the 151 minimum volume of water required to dilute the pollutant concentration from the WWTP 152 effluent concentration to the maximum poll utant concentration allowed in the river.
153 Q e · c e(p) + WF grey · c nat(p) = (Q e + WF grey(p) ) · c max(p) 154 Eq. 2. Mass balance of pollutants at the WWTP discharge point.
155
WF grey = max [WF grey(p) = (Q e · (c e(p)c max(p) ))/(c max(p)c nat(p) )) (volume/time)] (for p=1 to p) Because many pollutants exist in WWTP discharge, a WF grey(p) is calculated separately for 162 each of the compounds. Then, the resulting WF grey is the WF that ensures an adequate 163 dilution capacity for all compounds, and hence, the maximum of the WF grey(p) values is 164 obtained. The compounds included in the assessment depend on the goal of the study.
165
The sustainability of the blue WF is assessed by comparing the blue WF with the water 166 availability (water ready to be used) in the studied region. However, if the grey WF is less 167 than the river flow rate to assimilate the pollution, then the calculated grey WF is sustainable.
168
It is important to consider the yearly fluctuations in water availability. As is shown in Figure 3 , the system boundaries for the studied system include the different Figure 4a and Table 3 shows the total WF for the three scenarios. The highest WF 228 corresponds to the no-treatment scenario (7,479,507 m 3 ·month -1 ), the second highest WF 229 corresponds to the current wastewater treatment (3,628,295 m 3 ·month -1 ) with a WF grey 230 contribution of 95 % and a WF blue contribution of 5 %, and the smallest WF corresponds to 231 the wastewater treatment with phosphorous removal (2,062,718 m 3 ·month -1 ). It can be 232 observed that there is a high reduction of the water footprint when wastewater treatment is 233 applied with (72.4 %) and without phosphorous removal (51.5 %).
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The grey WF values, i.e., the volume of water required to dilute the WWTP effluent until 235 natural concentrations in the river are reached, were 539,317 m 3 ·month -1 ; 3,448,115 236 m 3 ·month -1 and 261,779 m 3 ·month -1 for TN, TP and TOC, respectively, for the current 237 wastewater treatment (Figure 4c and Figure 5 ).
247
The blue WF for the current wastewater treatment scenario was 180,180 m 3 ·month -1 ( Figure   248 4b and Table 2) Table 2 . 267 Comparison between the water footprint for the three scenarios studied. The WF obtained in this study for the current wastewater treatment (3,628,295 m 3 ·month -1 ) is 270 much larger than the WF obtained in the study by Shao and Chen (2013) the electricity greatly depends on the country and the technologies used to produce it.
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The different methods used in this study and Shao and Chen (2013) and services, but the information is not as accurate and specific as in process-based 290 inventories. Finally, an extended method combining both approaches, an hybrid LCA, which 291 is the one used in Shao and Chen, 2013, allows to overcome these limitations, to increase the 292 completeness of the system boundary and reduce uncertainty (Zhang et al., 2013) . However, 293 in this study a process-based inventory is considered to be the most adequate due to the 294 availability of data.
295
Additionally, the study of Shao and Chen (2013) did not consider residue treatment. Chen (2013) and this work, water withdrawal is considered, in our case, using a process-306 based approach and data from Ecoinvent, we considered not only the water used directly 307 during the electricity production process but also all the indirect water consumption (for 308 example for coal production).
309
When comparing results, the distinction between water consumption and water withdrawal 310 has to be considered. However, in many cases consumptive use data are not available, thus 311 more efforts should be put to obtain better water consumption inventories. Due to lack of specific data, the blue water availability in the studied region (249,100 314 m 3 ·month -1 ) was estimated as the average value (data from 1940 to 2008) of the global water 315 balance of the Catalan catchments. The ratio between the blue water footprint of the process 316 (180,180 m 3 ·month -1 ) and the blue water availability (249,100 m 3 ·month -1 ) is equal to 0.72 317 (<1), which indicates that the blue water footprint is sustainable. Additionally, in the case for 318 improved phosphorus removal (with a blue WF of 192,517 m 3 ·month -1 ), the blue WF is 319 sustainable with a value of 0.77.
320
The ratio between the grey WF (3,448,115 m 3 ·month -1 ) and the river water flow rate 321 (808,877 m 3 ·month -1 ) (4.3>1) indicates that the grey WF is not sustainable. Additionally, in 322 the case when phosphorus is removed to fulfill the legal limit (2 mg·l -1 P-PO 4 3-), the grey WF 323 is not sustainable because the ratio between the grey WF (1,870,201 m 3 ·month -1 ) and the 
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After analyzing the water footprint sustainability assessment for the WWTP, it is important to 336 formulate modifications for operational conditions to further reduce the water footprint. In 337 this case, the application of FeCl 3 to achieve a greater total phosphorus removal efficiency 338 resulted in a greater reduction in the grey water footprint. In addition to the energy savings,
339
the sludge treatment practices should be further improved by optimizing the operational costs 340 and also by reducing the blue water footprint. The WFA methodology and its application in agriculture and several industrial products are 343 well known. However, there are a limited number of studies regarding its application in the 344 urban water cycle, particularly in water and wastewater infrastructures. Therefore, a 345 discussion on the possibilities and unclear aspects of its application for WWTPs is required.
346
Although the goal of LCA is to assess the environmental impacts of a product or activity (a As is shown in Figure 6 , the most sensitive factor is the maximum concentration permitted in 393 the river. If increasing the permitted concentration by a 25%, the water footprint decreases 394 around 912,000 m 3 ·month -1 (approximately a 25% decrease of the water footprint). On the 395 other hand, if decreasing the maximum concentration permitted in the river by a 25%, the 396 water footprint increases around 1,865,000 m 3 ·month -1 (approximately a 51% increase of the 397 water footprint). The second most sensitive factor is the concentration of pollutant in the 398 WWTP effluent, with a decrease and increase of the water footprint of 900,000 m 3 ·month -1 399 22 approximately (which represents approximately a 25% increase or decrease, respectively, of 400 the water footprint). The third one is the natural concentration of the pollutant in the river, 401 which increases the water footprint by 10% and decreases about 8%. Finally, the factor with 402 the lowest contribution is the electricity consumption. If increasing and decreasing the 403 electricity consumption in a 25%, the water footprint only increase or decrease about 43,000 404 m 3 ·month -1 (+/-1.2%), respectively. Even though the electricity consumption is the most 405 important contributor to the blue water footprint and considering also that the blue water 406 footprint calculated here is higher than the calculated in Shao and Chen, 2013, the increase or 407 decrease of its consumption has not an important effect on the overall results (an increase or 408 decrease by 1.2%, respectively) because the blue water footprint is very low compared with 409 the grey water footprint. The legislation about the maximum concentration permitted of the 410 pollutant in the river together with the level of treatment are the most important factors 411 determining the water footprint of a WWTP, this highlights the importance to develop good 412 normative and to improve the water treatment in order to achieve a lower and more accurate 413 water footprint.
